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Top interactions beyond the Standard Model can be conveniently described in the framework of
gauge-invariant effective operators. We briefly review the general form of the fermion-fermion-
gauge boson and fermion-fermion-Higgs interactions arising from dimension-6 operators, focus-
ing on the top quark. We discuss in detail an expansion in powers of 1/Λ2, where Λ is the new
physics scale, to consistently calculate observables in terms of top anomalous couplings.
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1. Introduction
One of the main motivations for detailed studies of the top quark properties is to search for
indirect effects of new physics not directly observable. Heavy physics above the electroweak scale
can be parameterised using an effective Lagrangian
L
eff = ∑ CxΛ2 Ox + . . . , (1.1)
where Ox are dimension-6 operators invariant under the Standard Model (SM) gauge symmetry,
Λ the new physics scale and the dots stand for dimension-8 and higher-order operators, usually
ignored. Dimension-6 operators were classified in [1] and an operator basis was given, which
can be used to parameterise any new physics contribution up to higher orders. Later, it has been
found [2, 3] that some of these operators are actually redundant and can be dropped from the list.
This simplification is very useful for phenomenology, because it implies that (i) the most general
fermion-fermion-gauge boson interactions arising from dimension-6 operators contain at most γµ
and σ µνqν terms, where q is the boson momentum; (ii) the most general fermion-fermion-Higgs
interactions only contain scalar and pseudo-scalar terms. In the particular case of the top quark we
have, for example, the most general Wtb vertex
LWtb = −
g√
2
¯bγµ (VLPL +VRPR) t W−µ
− g√
2
¯b iσ
µνqν
MW
(gLPL +gRPR) t W−µ +h.c. , (1.2)
where VL = Vtb +C(3,3+3)∗φq
v2
Λ2 , VR =
1
2C
33∗φφ
v2
Λ2 , gL =
√
2C33∗dW
v2
Λ2 , gR =
√
2C33uW v
2
Λ2 , being the gauge-
invariant operators
O(3,3+3)φq =
i
2
[
φ†(τ IDµ −←−D µτ I)φ
]
(q¯L3γµτ IqL3) , O33φφ = i( ˜φ†Dµφ)(¯tRγµbR) ,
O33dW = (q¯L3σ µντ IbR)φ W Iµν , O33uW = (q¯L3σ µντ ItR) ˜φ W Iµν , (1.3)
in standard notation. Were it not for this simplification, the Wtb vertex would contain 6 additional
Lorentz structures, with 6 more parameters arising from 5 (redundant) operators. Additional details
can be found in Refs. [3].
One may always ask about precision electroweak data and constraints on these operators be-
cause, being the top quark the SU(2)L partner of the b quark, gauge invariant operators containing
the tL field automatically involve bL. For example, the ZbLbL vertex, well measured at LEP, receives
corrections from effective operators
LZbLbL =−
g
2cW
¯bLγµ
[
−1+
(
C(3,3+3)φq +C
(1,3+3)
φq
) v2
Λ2 +
2
3s
2
W
]
bLZµ , (1.4)
where O(3,3+3)φq is the operator producing a deviation δVL≡VL−Vtb in the Wtb vertex, and O
(1,3+3)
φq =
i
2 (φ†
←→
Dµφ)(q¯L3γµqL3). Does this imply that C(3,3+3)φq is small, because fine-tuning with C(1,3+3)φq (so
as to keep agreement with LEP data) is unnatural? The answer is no. For example, mixing with a
heavy charge 2/3 isosinglet T , when integrated out, precisely gives C(3,3+3)φq = −C
(1,3+3)
φq [4]. And
2
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it is clear that it must be so, because the mixing of T with the SM charge 2/3 mass eigenstates does
not affect the down sector, where the GIM mechanism is still at work. When written in the lan-
guage of effective operators, this is just the relation C(3,3+3)φq =−C(1,3+3)φq . Detailed analyses of the
effects on B physics of Wtb anomalous couplings imply that VR and gL (that is, C33φφ and C33dW ) are
very constrained if no other new physics is present [5]. But discarding operators merely because
they contain terms with two b fields is, as we can see, too naive and restrictive.
2. The leading order approximation
The anomalous couplings δVL, VR, gL, gR in Eq. (1.2) are proportional to the scale ratio v2/Λ2,
and thus some expansion in powers of 1/Λ2 seems adequate. In general, the interference terms be-
tween SM amplitudes and dimension-6 operators are proportional to 1/Λ2, and the pure dimension-
6 operator corrections to 1/Λ4. One might then naively consider keeping only the linear 1/Λ2
terms, which would give the “leading” corrections, and drop the quadratic 1/Λ4 ones. But this
“1/Λ2” approximation is far too restrictive, and does not allow to explore many new physics ef-
fects. Indeed, operators which do not interfere with the SM are the ones producing genuine new
physics effects, beyond corrections to SM processes. One well-known example is given by top
flavour-changing neutral processes, extremely suppressed in the SM, which are of order 1/Λ4.
These processes, absent in the SM, could be visible for this reason even if suppressed by 1/Λ4.
For the Wtb vertex, in the mb = 0 limit (we will consider a non-zero b mass later) only the
operators generating ¯bLtL and ¯bLtR terms interfere with the SM amplitude. Then, the 1/Λ2 ap-
proximation leads us to keep only the corrections proportional to δVL and gR (see Table 1). This
is unfortunate, because we lose the possibility of exploring b chirality-breaking effects. It is well
1/Λ2 1/Λ4
¯bLγµ tL δVL (δVL)2 + dim-8 ¯bLtL
¯bRγµ tR – (VR)2
¯bRσ µνtL – (gL)2
¯bLσ µνtR gR (gR)2 + dim-8 ¯bLtR
Table 1: Corrections to observables from Wtb anomalous couplings, for mb = 0.
known that in SM top decays the fraction F+ of W bosons produced with helicity +1 is zero in the
mb = 0 limit. The reason is that for the SM Wtb vertex only left-handed b quarks are produced in
the decay, and then angular momentum conservation forbids W bosons with helicity +1. (Including
a b quark mass mb = 4.8 GeV the fraction of positive helicity W bosons is F+ = 0.00359.) How-
ever, the anomalous couplings δVL, gR still involve left-handed b quarks (otherwise they would not
interfere with the SM amplitude) and their presence does not affect F+. This can be seen in Fig. 1,
taken from Ref. [6]. The (quadratic) corrections from anomalous couplings VR, gL lead to dramatic
departures from the SM prediction while a non-zero gR makes no difference. The sensitivity to
these deviations in top decays at LHC is excellent [7] precisely because F+ is tiny within the SM,
and in the 1/Λ2 approximation such effects are lost.
Let us then discuss how the 1/Λ2 approximation may be refined. As we see from Table 1,
for ¯bLtL and ¯bLtR terms the linear corrections are of order 1/Λ2 while quadratic ones, as well as
3
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Figure 1: Dependence of the helicity fraction F+ on Wtb anomalous couplings, for VL = 1.
interference with dimension-8 operators with ¯bLtL, ¯bLtR fields, are of order 1/Λ4. For ¯bRtR, ¯bRtL
fields the leading corrections are the quadratic 1/Λ4 ones (VR)2, (gL)2, while dimension-8 operators
would give non-interfering corrections of order 1/Λ8. It is then consistent to keep for each t,b
chirality the lowest-order terms. (Sub-leading (δVL)2, (gR)2 terms cause no harm and may be kept
or discarded at will.) This is what we denote as the “leading order approximation”. When the b
quark mass is included, interferences of ¯bRtR and ¯bRtL operators are suppressed by (mb/mt)1/Λ2,
and their effect is of the same order as the quadratic terms [7]. Complete calculations of several
top decay observables, keeping quadratic terms as well as the b quark mass, have been performed
in Refs. [6, 7], and for single top cross sections in Ref. [8].
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